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(57) ABSTRACT

A display device includes a display panel having a display
surface, a light guiding unit disposed at a display surface side
of'the display panel, the light guiding unit having an incident
part and an irradiation part, the incident part being parallel to
the display surface and facing the display surface, the irradia-
tion part being parallel to the display surface and configured
to emit a light entered from the incident part, the irradiation
part having a plurality of irradiation surfaces whose positions
in a direction orthogonal to the incident part differ depending
on a position on the display surface, and a mirror configured
to reflect an image projected from the display panel through
the light guiding unit.
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1
DISPLAY DEVICE COMPRISING A LIGHT
GUIDING UNIT HAVING A PLURALITY OF
OPTICAL FIBERS THAT DIFFER IN LENGTH
DEPENDING ON A PLURALITY OF
IRRADIATION SURFACES

CROSS REFERENCES TO RELATED
APPLICATIONS

The present application claims priority to Japanese Priority
Patent Application JP 2012-283722 filed in the Japan Patent
Office on Dec. 26, 2012, the entire content of which is hereby
incorporated by reference.

BACKGROUND

1. Field of the Invention

The present invention relates to a display device for dis-
playing an image.

2. Description of the Related Art

As a display device, for example, there is known a head-up
display (HUD) device which is disposed inside of a vehicle
and which is designed to project an image displayed on a
display unit on a front window (e.g. Japanese Patent Appli-
cation Laid-open Nos. 2007-65011 and 2011-53386).

Technologies disclosed in Japanese Patent Application
Laid-open Nos. 2007-65011 and 2011-53386 are for display-
ing a virtual image approximately vertically on a road sur-
face. Recently, however, efforts have been made for display-
ing a virtual image on a road surface by means of a vehicle-
mounted head-up display device. In order to display a virtual
image approximately vertically on a road surface, it is enough
to dispose a display device such as a liquid crystal display
device approximately vertically to the road surface. In order
to display a virtual image on a road surface, instead, those
skilled in the art may consider inclining a display surface of a
display device toward the road surface, for example. In this
case, depending on the viewing angle of the display device,
the virtual image may be displayed insufficiently, or the trans-
mittance and contrast of the display panel may decrease.
Japanese Patent Application Laid-open Nos. 2007-65011 and
2011-53386 does not disclose or suggest displaying any vir-
tual image on a road surface. There is a need for a display
device for displaying a virtual image on a road surface.

SUMMARY

It is an object of the present invention to at least partially
solve the problems in the conventional technology.

There is provided a display device including a display
panel having a display surface; alight guiding unit disposed at
a display surface side of the display panel, the light guiding
unit having an incident part and an irradiation part, the inci-
dent part being parallel to the display surface and facing the
display surface, the irradiation part being parallel to the dis-
play surface and configured to emit a light entered from the
incident part, the irradiation part having a plurality of irradia-
tion surfaces whose positions in a direction orthogonal to the
incident part differ depending on a position on the display
surface; and a mirror configured to reflect an image projected
from the display panel through the light guiding unit.

The present disclosure makes it possible to display a virtual
image appropriately on a road surface by means of a vehicle-
mounted head-up display device.

The above and other objects, features, advantages and tech-
nical and industrial significance of this invention will be
better understood by reading the following detailed descrip-
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tion of presently preferred embodiments of the invention,
when considered in connection with the accompanying draw-
ings.

The following description is only for illustrative purpose.
Any change, rearrangement, modification or the like readily
derived from or substantially equivalent with the present dis-
closure without departing from the spirit and scope of the
invention is encompassed within the present invention. For
better understanding of the disclosure, the accompanying
drawings may be schematic and not to scale with actual
width, thickness, shapes of individual elements or compo-
nents in actual embodiments. In any case, the accompanying
drawings are for illustrative purpose only and not to be con-
strued as any limitation of the present disclosure. In the fol-
lowing description and drawings, the corresponding elements
or components in the plurality of drawings carry the identical
numeric references, and the redundant explanation may be
omitted as appropriate.

Additional features and advantages are described herein,
and will be apparent from the following Detailed Description
and the figures.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 is a schematic view illustrating a display device
according to a present embodiment;

FIG. 2 is a schematic view illustrating a display device
according to a comparative embodiment;

FIG. 3 is a side view illustrating a display panel and a light
guiding unit included in the display device according to the
present embodiment;

FIG. 4 is a schematic view illustrating optical fibers
included in the light guiding unit;

FIG. 5 is a schematic view illustrating an image displayed
on a display surface of the display panel;

FIG. 6 is a schematic view illustrating an irradiation part of
the light guiding unit;

FIG. 7 is a schematic view illustrating a virtual image
displayed by the display device according to the present
embodiment;

FIG. 8 is a side view illustrating a display panel and a light
guiding unit according to a first modification of the present
embodiment;

FIG. 9 is front view illustrating the light guiding unit
according to the first modification of the present embodiment;

FIG. 10 is a schematic view illustrating virtual images
displayed by the display device according to the first modifi-
cation of the present embodiment;

FIG. 11 is a plan view illustrating a display panel and a light
guiding unit according to a second modification of the present
embodiment; and

FIG. 12 is a perspective view illustrating a display panel
and a light guiding unit according to a third modification of
the present embodiment.

DETAILED DESCRIPTION

The present disclosure will now be described according to
the following orders and with reference to the accompanying
drawings.

1. Display Device

1-1. General Configuration

1-2. Light Guiding Unit

1-3. First Modification

1-4. Second Modification

1-5. Third Medification

2. Configuration of Present Disclosure
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[1. Display Device]|

<1-1. General Configuration>

FIG. 1 is a schematic view illustrating a display device
according to a preferred embodiment of the present disclo-
sure. FIG. 2 is a schematic view illustrating a display device
according to a comparable embodiment. In the preferred
embodiment (hereinafter may be also called the present
embodiment as appropriate), the display 1 is a head-up dis-
play device which is mounted on a vehicle such as car, bus,
truck and the like, and which displays information on a front
window W of the vehicle. By using the display device 1, a
driver D of the vehicle can view the information displayed on
the front window W, while he/she keeps his/her eyes on a front
view.

The display device 1 is installed in a front panel IP of the
vehicle. The display device 1 includes a light source 2, a
display panel 3, a mirror 4, and a light guiding unit 10. The
light source 2 may be, but not exclusively, a light emitting
diode (LED) for example. The display device 3 may be, but
not exclusively, a liquid crystal display panel (LLCD panel) for
example. The mirror 4 is a concave mirror. The light guiding
unit 10 is disposed between the display panel 3 and the mirror
4. The light guiding unit 10 guides the light irradiated from a
display surface 3PE to the mirror 4 for projecting an image P.
The display device 1 has an opening 5 at a position facing both
the front window W and the mirror 4.

The image P displayed on the display surface 3PE of the
display panel 3 enters the light guiding unit 10 and then is
irradiated from the light guiding unit 10 to the mirror to be
projected. The image P projected from the display panel 3
through the light guiding unit 10 is reflected by the mirror 4
and then projected on the front window W through the open-
ing 5. The mirror 4 magnifies the image P and projects the
magnified image P on the front window W. Through the front
window W, the driver DR views a virtual image PG of the
image P projected by the display panel 3. In the present
embodiment, the virtual image PG is displayed in a state
almost parallel to a road surface RD. This is because a part of
the light guiding unit 10 facing the mirror 4 has a step-like
structure to project the image P on the mirror 4. The structure
of the light guiding unit 10 will be described later. Since the
virtual image PG is displayed in a state parallel to or almost
parallel to the road surface RD, the driver DR feels as if the
virtual image PG is displayed on the road surface. Therefore,
the movement of the focal position of the driver DR is
reduced.

Lengths of each light pass C, J, and K, i.e. light pass length
¢, j, and k from the driver DR to the virtual image PG follow
the law of reflection and can be represented by the following
mathematical equations.

c=cl+c2*4

M

J=il452%4 2)

k=k1+k2%4 3)

In the aforementioned equations, A represents a magnifi-
cation ratio of the mirror 4 using the concave mirror; cl, j1,
and k1 represent lengths (light pass lengths) of respective
light passes C1, J1, and K1 from the mirror 4 to the front
window W; c2, j2, and k2 represent lengths (light pass
lengths) of respective light passes C2, J2, and K2 from the
irradiation surface of the light guiding unit 10 to the mirror 4.

In order to reduce an angle between a plane of the virtual
image PG and the road surface RD so that the plane of the
virtual image PG approaches the state parallel to the road
surface RD, the light pass length j needs to be longer than the
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light pass length c, and the light pass length k needs to be
shorter than the light pass length c. For that purpose, the light
pass length j2 needs to be longer than the light pass length c2,
and the light pass length k2 needs to be shorter than the light
pass length c2. In the compared embodiment as illustrated in
FIG. 2, the angle between the plane of the virtual image PG
and the road surface RD is reduced by slanting the display
panel 3 included in the display device 1 toward a direction so
that the light pass length j2 becomes longer than the light pass
length ¢2 and the light pass length k2 becomes shorter than
the light pass length c2. When the display panel 3 is slanted as
such, each light pass C2, J2, and K2 from the display surface
3PE of the display panel 3 to the mirror 4 is slanted relative to
a direction orthogonal to the display surface 3PE.

When a liquid crystal display panel (LCD panel) is used as
the display panel 3, the display panel 3 slanted in the display
device 1' according to the comparative embodiment as illus-
trated in FIG. 2 is required to have a visual property for a
slanting view. When the display panel 3 is disposed in a
slanted manner, the transmittance or contrast of the display
panel 3 may decrease. For that reason, the display panel 3 is
preferably disposed so that each light pass C2, J2, and K2
from the display surface 3PE to the mirror 4 become as
parallel as possible to the direction orthogonal to the display
surface 3PE.

In the present embodiment, therefore, the display device 1
is configured so that each light pass C2, J2, and K2 from the
display surface 3PE to the mirror 4 become parallel to the
direction orthogonal to the display surface 3PE, as illustrated
in FIG. 1. The light guiding unit 10 having the step-like
structure facing the mirror 4 is disposed at a display surface
3PE side of the display panel 3, so that the light pass length k2
of'the light pass K2 becomes shorter than the light pass length
j2 of the light pass J2. As a result, the display device 1 can
display the virtual image PG in a state parallel to or almost
parallel to the road surface RD. Now, the light guiding unit 10
will be described in detail.

<1-2. Detail of Light Guiding Unit>

FIG. 3 is a side view of the display panel and the light
guiding unit included in the display device according to the
present embodiment. FIG. 4 is a schematic view illustrating
optical fibers included in the light guiding unit. FIG. 5 is a
schematic view illustrating an image displayed on the display
surface of the display panel. FIG. 6 is a schematic view
illustrating an irradiation part of the light guiding unit. FIG. 7
is a schematic view illustrating a virtual image displayed by
the display device according to the present embodiment. An
alphabetical reference D represents a downward direction
(i.e. gravitative direction) and an alphabetical reference U
represents an upward direction (i.e. an opposite from the
gravitative direction).

The light guiding unit 10 is disposed at the display surface
3PE side of the display panel 3. The light guiding unit 10 has
an incident part (inlet side) PI and an irradiation part (exit
side) PE. The incident part P is parallel to the display surface
3PE and faces the display surface 3PE. The irradiation part PE
irradiates or emits the incident light entered from the incident
part P1. The irradiation part PE is parallel to the incident part
PI. The irradiation part PE has a plurality of irradiation sur-
faces (emitting surfaces) PEa, PEb, PEc, and PEd. The plu-
rality of irradiation surfaces PEa, PEb, PEc, and PEd are
located at different positions in a direction orthogonal to the
incident part PI, depending on positions on the display sur-
face 3PE of the display panel 3. Specifically, the plurality of
irradiation surfaces PEa, PEb, PEc, and PEd have different
length from the incident part PI depending on the positions on
the display surface 3PE of the display panel 3.
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In the present embodiment, the light guiding unit 10
includes a plurality of light guiding members 10a, 105, 10c,
and 104. Each of light guiding members 10a, 105, 10¢, and
10d has respective irradiation surface PEa, PEb, PEc, or PEd,
and respective incident surface Pla, PIb, Plc, or PId. The
plurality of incident surfaces Pla, PIb, Plc, and PId compose
the incident part PI of the light guiding unit 10. Each of the
light guiding members 10a, 105, 10c, and 104 has a rectan-
gular parallelepiped or cuboid structure in which each of
irradiation surfaces PEa, PEb, PEc, and PEd faces respective
incident surface Pla, PIb, Plc, or PId. Each irradiation surface
PEa, PEb, PEc, or PEd is a plane parallel to and facing each
incident surface Pla, PIb, Plc, or PId.

At the display surface 3PE of the display panel 3, the light
guiding members 10a, 105, 10¢, and 104 are disposed in this
order from the upward direction U to the downward direction
D. The incident surfaces Pla, PIb, Plc, and PId of the light
guiding members 10a, 105, 10¢, and 104 are parallel to and
face the display surface 3PE and are in contact with the
display surface 3PE. Owing to such a structure, the display
surface 3PE of the display panel 3, the incident surfaces Pla,
PlIb, Plc, and PId, and the irradiation surfaces PEa, PEb, PEc,
and PEd are all parallel to one another.

In the present embodiment, each of the light guiding mem-
bers 10a,105, 10¢, and 104 is abundle of a plurality of optical
fibers 11 as illustrated in FIG. 4. One side surface of the
optical fiber 11 serves as the incident surface Pla, PIb, Plc, or
PId and the other side surface of the optical fiber 11 serves as
the irradiation surface PEa, PEb, PEc, or PEd. The light
emitted from the display surface 3PE of the display panel 3
and entered via the incident surfaces Pla, PIb, Plc, and PId is
repeatedly reflected in each of optical fibers 11 and then
emitted from the irradiation surfaces PEa, PEb, PEc, and PEd.
Owing to such a structure, an image displayed on the display
surface 3PE of the display panel 3 is emerged on the irradia-
tion part PE of the light guiding unit 10.

Inthe plurality of light guiding members 10a, 106, 10c¢, and
104, distances from the incident surfaces Pla, PlIb, Plc, and
PId to respective irradiation surfaces PEa, PEb, PEc, and PEd
become shorter in a direction from the upward U to the
downward D. Thereby, the light guiding unit 10 has a struc-
ture in which the irradiation surfaces PEa, PEb, PEc, and PEd
become closer to the display surface 3PE in a direction from
the upward U to the downward D of the display surface 3PE
of'the display panel 3. Namely, the positions of the irradiation
surfaces PEa, PEb, PEc, and PEd go away from the display
surface 3PE in a direction from the downward D to the
upward U. The optical fibers composing the light guiding
members 10a, 105, 10c, and 104 have different lengths for
respective irradiation surfaces PEa, PEb, PEc, and PEd.

The irradiation part PE of the light guiding unit 10 has a
shape in which the plurality of irradiation surfaces PEa, PEDb,
PEc, and PEd are combined in a step-like manner. The plu-
rality of irradiation surfaces PEa, PEb, PEc, and PEd have
different distances from the display surface 3PE stepwisely
changing in a vertical direction (UD or DU direction) of the
display panel 3. Specifically, as illustrated in FIG. 3, the
plurality of irradiation surfaces Pea, PEb, PEc, and PEd have
distances from the display surface 3PE stepwisely increasing
from the downward D to the upward U of the display panel 3.

As illustrated in FIG. 5, the display surface 3PE is sec-
tioned into a plurality of regions 3PEa, 3PEb, 3PEc, and
3PEd, which are facing respective incident surfaces Pla, Plb,
Plc, and PId of light guiding members 10a, 105, 10c, and 104.
Now, it is assumed that images as illustrated in FIG. 5 are
displayed on each of regions 3PEa, 3PEb, 3PEc, and 3PEd of
the display surface 3PE. An image displayed on the region
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3PEa enters from the incident surface Pla of the light guiding
member 10a facing the region 3PEa. An image displayed on
the region 3PEDb enters from the incident surface Plb of the
light guiding member 105 facing the region 3PEb. An image
displayed on the region 3PEc enters from the incident surface
Plc of the light guiding member 10c¢ facing the region 3PEc.
An image displayed on the region 3PEd enters from the
incident surface PId of the light guiding member 104 facing
the region 3PEd.

The images displayed on each of the regions 3PEa, 3PEb,
3PEc, and 3PEd are displayed on each of the irradiation
surfaces PEa, PEb, PEc, and PEd of respective light guiding
members 10a, 105, 10¢, and 104 as illustrated in FIG. 6. The
distances of irradiation surfaces PEa, PEb, PEc, and PEd from
the display surface 3PE become longer from the downward D
to the upward. When viewed the irradiation surfaces PEa,
PEDb, PEc, and PEd from a same view point, as the distance
from the display surface 3PE becomes longer, the distance
from the same view point becomes closer. Therefore, the
images displayed on the irradiation surfaces PEa, PEb, PEc,
and PEd become bigger as it goes to the upward direction. As
aresult, as illustrated in FIG. 6, the images displayed on each
of the irradiation surfaces PEa, PEb, PEc, and PEd become
smaller in the order from the irradiation surface PEa whose
distance from the display surface 3PE is the longest to the
irradiation surface PEd whose distance from the display sur-
face 3PE is the shortest. Namely, the images displayed on
each of the irradiation surfaces PEa, PEb, PEc, and PEd
become smaller from the upward to the downward.

In the light guiding unit 10, the irradiation surfaces PEa,
PEDb, PEc, and PEd included in the irradiation part PE have
distances from the display surface 3PE which become longer
from the downward D to the upward U. Therefore, the light
pass length from the irradiation surface to the mirror 4 as
illustrated in FIG. 1 becomes longer in the order from the
most downward irradiation surface PEd to the most upward
irradiation surface PEa. As a result, it is possible to configure
the light guiding unit 10 so that the light pass length k2 of the
light pass K2 is shorter than the light pass length c2 ofthe light
pass C2, and the light pass length j2 of the light pass J2 is
longer than the light pass length ¢2 of the light pass C2, as
illustrated in FIG. 1. Thereby, the display device 1 employing
the light guiding unit 10 can display the virtual image PG in
a parallel or almost parallel manner relative to the road sur-
face. For example, the display device 1 employing the light
guide unit 10 can display the virtual image PG having an
approximately trapezoidal shape in which the size of image to
be displayed becomes smaller as it goes away from the driver
DR. Thus, the display device 1 employing the light guiding
unit 10 can display the virtual image appropriately on the road
surface.

In the light guiding unit 10, respective irradiation surfaces
PEa, PEb, PEc, and PEd included in the step-like irradiation
part PE, respective incident surfaces Pla, PIb, Plc, and PId
included in the incident part P, and the display surface 3PE
are parallel to each other. By employing such a light guiding
unit 10, it is possible to configure, arrange or dispose the
display panel 3 so that respective light passes C2, J2, and K2
from the display surface 3PE to the mirror 4 are parallel to the
direction orthogonal to the display surface 3PE. As a result,
the display panel 3 has a relatively small viewing angle.
Furthermore, it is possible to prevent the transmittance and
the contrast from decreasing or dropping. Furthermore, the
display device 1 including the light guiding unit 10 makes it
possible to reduce the limitation or restriction due to a wide
viewing angle of the display panel 3 in displaying the virtual
image PG.
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The number of the light guiding members, which are ver-
tically arranged (in a direction parallel to the direction from
the upward U to the downward D) as 10a, 105, 10c, and 104
for example, is not limited to the present embodiment. It is
preferable to increase the number of the light guiding mem-
bers, since the virtual image PG becomes smoother. A modi-
fication of the present embodiment will now be described.

<1-3. First Modification>

FIG. 8 is a side view illustrating a display panel and a light
guiding unit according to a first modification of the present
embodiment. FIG. 9 is a front view illustrating the light
guiding unit according to the first modification of the present
embodiment. FIG. 10 is a schematic view illustrating virtual
images displayed by the display device according to the first
modification of the present embodiment. In the first modifi-
cation, the light guiding unit 10A includes an upper light
guiding unit 10U and alower light guiding unit 10D. The light
guiding unit 10A is disposed at a display surface side 3PE of
the display panel 3. The upper light guiding unit 10U is
disposed at an upper part of the light guiding unit 10A. The
lower light guiding unit 10D is disposed at a lower part of the
light guiding unit 10A. The upper light guiding unit 10U and
the lower light guiding unit 10D are symmetrically disposed
relative to a vertical center portion of the display panel 3.

The upper light guiding unit 10U includes a plurality of
light guiding members 10Ua, 10Ub, 10Uc, and 10Ud. The
plurality of light guiding members 10Ua, 10Ub, 10Uc, and
10Ud are disposed in this order from the downward D to the
upward U. In the plurality of light guiding members 10Ua,
10Ub, 10Uc, and 10Ud, distances of respective irradiation
surfaces PEU from the display surface 3PE of the display
panel 3 become longer in this order (from downward D to
upward U). Respective incident surfaces PIU of the plurality
oflight guiding members 10Ua, 10Ub, 10Uc, and 10Ud are in
contact with the display surface 3PE of the display panel 3.

The lower light guiding unit 10D includes a plurality of
light guiding members 10Da, 10Db, 10Dc, and 10Dd. The
plurality of light guiding members 10Da, 10Db, 10Dc, and
10Dd are disposed in this order from the upward U to the
downward D. In the plurality of light guiding members 10Da,
10Db, 10Dc, and 10Dd, distances of respective irradiation
surfaces PED from the display surface 3PE of the display
panel 3 become longer in this order (from upward U to down-
ward U). Respective incident surfaces PID of the plurality of
light guiding members 10Da, 10Db, 10Dc, and 10Dd are in
contact with the display surface 3PE of the display panel 3.

In such a structure of the light guiding unit 10A, the light
guiding members 10Ua and 10Da, which are disposed at the
vertically most central portion of the display panel 3, are
shortest, and the distances of the irradiation surfaces PEU,
PED from the display surface 3PE become longer as light
guiding members go away from the central portion upward or
downward direction. An image displayed on the irradiation
surfaces PEU of the upper light guiding unit 10U of the light
guiding unit 10A becomes bigger in the order from the light
guiding members 10Ua, 10Ub, 10Uc, and 10Ud from the
downward D to the upward U, as illustrated in FIG. 9. An
image displayed on the irradiation surfaces PED of the lower
light guiding unit 10D of the light guiding unit 10A becomes
bigger in the order from the light guiding members 10Da,
10Db, 10Dc, and 10Dd from the upward U to the downward
D, as illustrated in FIG. 9.

The display device 1 including the light guiding unit 10A
displays a virtual image PGd at a lower side D, and displays
a virtual image PGu at an upper side U, as illustrated in FIG.
10. The virtual image PGd at the lower side D is through the
lower light guiding unit 10D. The virtual image PGu at the
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upper side U is through the upper light guiding unit 10U. The
virtual images PGd and PGu are trapezoidal or nearly trap-
ezoidal images in which the image to be displayed becomes
smaller as the distance from the driver DR becomes longer.
Thus, the display device 1 including the light guiding unit
10A can display the virtual images PGd and PGu respectively
at the lower side D and the upper side U. Therefore, it is
possible to improve the flexibility in displaying the informa-
tion.

<1-4. Second Modification>

FIG. 11 is a plan view illustrating a display device and a
light guiding unit according to a second modification of the
present embodiment. In the second modification, a light guid-
ing unit 10B includes a left light guiding unit 10L. and a right
light guiding unit 10R. The light guiding unit 10B is disposed
at the display surface 3PE side of the display panel 3. The left
light guiding unit 10L is disposed at a left side L. The right
light guiding unit 10R is disposed at a right side R. The left
light guiding unit 10L. and the right light guiding unit 10R are
symmetrically disposed relative to a horizontal central por-
tion of the display panel 3. In this modification, the horizontal
direction (left-right direction) means a direction orthogonal
to the vertical direction (up-down direction) of the image
displayed by the display panel 3. In this modification, the left
side L and the right side R are based on the display panel 3
when viewed from the upward U.

The left light guiding unit 10L includes a plurality of light
guiding members 10La, 10Lb, 10L.c, and 10L.d. The plurality
of light guiding members 10La, 10Lb, 10Lc, and 10L.d are
disposed in this order from the right side R to the left side L.
In the plurality of light guiding members 10La, 10Lb, 10Lc,
and 10Ld, distances of the irradiation surfaces PEL from the
display surface 3PE of the display panel 3 become longer in
this order. Respective incident surfaces PIL of the plurality of
light guiding members 10La, 10Lb, 10Lc, and 10Ld are in
contact with the display surface 3PE of the display panel 3.

The right light guiding unit 10R includes a plurality of light
guiding members 10Ra, 10Rb, 10Rc, and 10Rd. The plurality
of light guiding members 10Ra, 10Rb, 10Rc, and 10Rd are
disposed in this order from the left side L. to the right side R.
In the plurality of light guiding members 10Ra, 10Rb, 10Rc,
and 10Rd, distances of the irradiation surfaces PER from the
display surface 3PE of the display panel 3 become longer in
this order. Respective incident surfaces PIR of the plurality of
light guiding members 10Ra, 10Rb, 10Rc, and 10Rd are in
contact with the display surface 3PE of the display panel 3.

In such a structure of the light guiding unit 10B, distances
of the irradiation surfaces PEL of the left light guiding unit
10L and the irradiation surfaces PER of the right light guiding
unit 10R from the display surface 3PE change stepwisely in a
direction (left-right direction) orthogonal to the vertical
direction (up-down direction) of the image displayed by the
display device 3. More specifically, in the light guiding unit
10B, the light guiding members 10La and 10Ra, which are
disposed at the horizontally most central portion of the dis-
play panel 3, are shortest, and the distances of the irradiation
surfaces PEL, PER from the display surface 3PE become
longer as light guiding members go away from the central
portion to the left L or right R direction.

An image displayed on the irradiation surfaces PEL of the
left light guiding unit 10L of the light guiding unit 10B
becomes bigger in the order from the light guiding members
10La, 10Lb, 10Lc, and 101.d in a direction from the right side
R to the left side L. An image displayed on the irradiation
surfaces PER of the right light guiding unit 10R of the light



US 9,091,846 B2

9

guiding unit 10B becomes bigger in the order from the light
guiding members 10Ra, 10Rb, 10Rc, and 10Rd from the left
side L to the right side R.

The display device 1 including the light guiding unit 10B
displays virtual images respectively at the left side L. and the
right side R. The virtual image at the left side L is through the
left light guiding unit 10L. The virtual image at the right side
R is through the right light guiding unit 10R. The virtual
images at the left and right sides become bigger as the image
to be displayed goes away from the central position of the
driver DR’s viewing line. Thus, the display device 1 including
the light guiding unit 10B can display the virtual images
respectively at the left side L. and the right side R. Therefore,
it is possible to improve the flexibility in displaying the infor-
mation.

<1-5. Third Modification>

FIG. 12 is a perspective view illustrating a display panel
and a light guiding unit according to a third modification of
the present embodiment. The light guiding unit 10C accord-
ing to the third modification is a combination of the light
guiding unit 10A according to the first modification and the
light guiding unit 10B according to the second modification.
The light guiding unit 10C includes a plurality of light guid-
ing members 10Ca, 10Cb, 10Cc, and 10Cd, which are dis-
posed at the display surface side of the display panel 3. A
plurality of light guiding members 10Ca is disposed at a
central portion of the display surface of the display panel 3. A
plurality of light guiding members 10Cb whose length is
longer than that of the light guiding members 10Ca are dis-
posed around the light guiding members 10Ca. A plurality of
light guiding members 10Cc whose length is longer than that
of the light guiding members 10Cb are disposed around the
light guiding members 10Cb. A plurality of light guiding
members 10Cd whose length is longer than that of the light
guiding members 10Cc are disposed around the light guiding
members 10Cc. Thus, the light guiding unit 10C has a four-
sided pyramid-like structure with the plurality of light guid-
ing members 10Ca, 10Cb, 10Cc, and 10Cd. In respective light
guiding members 10Ca, 10Cb, 10Cc, and 10Cd, first side
surfaces in contact with the display surface of the display
panel 3 are parallel to second side surfaces opposite to the first
surfaces.

The display device 1 including the light guiding unit 10C
can display virtual images at an upper side U, a lower side D,
aleft side L and a right side R. Thus, it is possible to improve
the flexibility in displaying the information.

The display device according to the present disclosure
includes a light guiding unit in which a step-like shaped
irradiation part PE, incident part, the display surface of the
display panel are parallel to each other. By disposing such a
light guiding unit at the display surface side of the display
panel, the display panel can make each light pass from the
display surface to the mirror parallel to a direction orthogonal
to the display surface. Therefore, there is no need to incline
the display panel toward the road surface. Thus, it is possible
to dispose the display panel approximately vertically to the
road surface. As a result, according to the present disclosure,
it is possible to reduce the restriction or limitation due to the
wide viewing angle of the display panel in displaying a virtual
image. It is also possible to prevent the reduction of the
transmittance or contrast of the display panel. Thus, it is
possible to display a virtual image appropriately on a road
surface by applying the display device according to the
present disclosure to a head-up display device.

Although the invention has been described with respect to
specific embodiments for a complete and clear disclosure, the
appended claims are not to be thus limited but are to be
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construed as embodying all modifications and alternative
constructions that may occur to one skilled in the art that
fairly fall within the basic teaching herein set forth.

[2. Configuration of Present Disclosure]

The present disclosure can take the following configura-
tions.

(1) A display device comprising:
a display panel having a display surface;
a light guiding unit disposed at a display surface side of the
display panel, the light guiding unit having an incident
part and an irradiation part,
the incident part being parallel to the display surface and
facing the display surface,

the irradiation part being parallel to the display surface
and configured to emit a light entered from the inci-
dent part, the irradiation part having a plurality of
irradiation surfaces whose positions in a direction
orthogonal to the incident part differ depending on a
position on the display surface; and

a mirror configured to reflect an image projected from the
display panel through the light guiding unit.

(2) The display device according to (1), wherein

the irradiation part has a shape in which the plurality of

irradiation surfaces are combined in a step-like manner.
(3) The display device according to (2), wherein

distances of the plurality of irradiation surfaces from the
display surface differ stepwisely in a vertical direction of
the display panel.

(4) The display device according to (3), wherein

distances of the plurality of irradiation surfaces from the
display surface increase stepwisely from lower side to
upper side of the display panel.

(5) The display device according to (2), wherein

distances of the plurality of irradiation surfaces from the
display surface differ stepwisely in a direction orthogo-
nal to a vertical direction of an image displayed by the
display panel.

(6) The display device according to (1), wherein

the light guiding unit comprises a plurality of optical fibers.
(7) The display device according to (6), wherein

lengths ofthe optical fiber differ depending on the plurality
of irradiation surfaces.

(8) The display device according to (1), wherein
the display surface, the incident part, and each of the irra-
diation surfaces are planes.
It should be understood that various changes and modifi-
cations to the presently preferred embodiments described
herein will be apparent to those skilled in the art. Such
changes and modifications can be made without departing
from the spirit and scope of the present subject matter and
without diminishing its intended advantages. It is therefore
intended that such changes and modifications be covered by
the appended claims.
The invention is claimed as follows:
1. A display device comprising:
a display panel having a display surface;
a light guiding unit disposed at a display surface side of the
display panel, the light guiding unit having an incident
part and an irradiation part,
the incident part being parallel to the display surface and
facing the display surface,

the irradiation part being parallel to the display surface
and configured to emit a light entered from the inci-
dent part, the irradiation part having a plurality of
irradiation surfaces whose positions in a direction
orthogonal to the incident part differ depending on a
position on the display surface; and
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a mirror configured to reflect an image projected from the
display panel through the light guiding unit, wherein
the light guiding unit comprises a plurality of optical fibers,
and

lengths of the optical fibers differ depending on the plural-
ity of irradiation surfaces.

2. The display device according to claim 1, wherein

the irradiation part has a shape in which the plurality of
irradiation surfaces are combined in a step-like manner.

3. The display device according to claim 2, wherein

distances of the plurality of irradiation surfaces from the
display surface differ stepwisely in a vertical direction of
the display panel.

4. The display device according to claim 3, wherein

distances of the plurality of irradiation surfaces from the
display surface increase stepwisely from lower side to
upper side of the display panel.

5. The display device according to claim 2, wherein

distances of the plurality of irradiation surfaces from the
display surface differ stepwisely in a direction orthogo-
nal to a vertical direction of an image displayed by the
display panel.

6. The display device according to claim 1, wherein

the display surface, the incident part, and each of the irra-
diation surfaces are planes.

#* #* #* #* #*

10

15

20

25

12



